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tions.	Age	 at	maturity	 (1.3–2	years)	 and	 length	 at	maturity	 (232–254	mm	FL)	were	
similar	to	other	temperate	populations.	A	well-	defined,	spring	spawning	season	con-
formed	to	findings	in	other	temperate	populations.	Using	sectioned	sagittal	otoliths	it	
was	 shown	 that	 fish	were	 long-	lived	 (14	years).	 Growth	 rates	 differed	 significantly	
between	the	two	assessed	populations	but	both	were	slower	growing	than	tropical	
and	 subtropical	 introduced	 populations.	 Growth	 performance	 (Φ′:	 2.77–2.99)	 was	
similar	to	other	temperate	populations.	These	results	indicate	that	the	biology	of	intro-
duced M. salmoides	populations	in	South	Africa	is	comparable	to	those	of	other	tem-






1974).	 Because	 of	 their	 popularity	 with	 anglers,	 these	 piscivorous	
predators	have	been	introduced	into	a	wide	range	of	recipient	habi-
tats	 in	their	non-	native	range	of	North	America,	Europe,	Asia,	South	
America	 (Lever,	 1996;	 Robbins	 &	 MacCrimmon,	 1974;	Welcomme,	
1988)	and	Africa	(Ellender	&	Weyl,	2014;	Weyl	&	Hecht,	1999),	and	
are	consequently	estimated	to	be	one	of	the	five	most	introduced	fish	
species	 globally	 (Welcomme,	1992).	 In	Africa,	 they	were	 introduced	
into	 at	 least	 19	 countries	 (Lever,	 1996;	 Welcomme,	 1988)	 where	
they	 are	 used	 in	 subsistence,	 commercial	 and	 recreational	 fisheries	
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ultimately	 lead	 to	 changes	 in	 ecosystem	 structure	 and	 functioning	















In	 a	 study	on	 the	 success	 of	M. salmoides	 in	 the	 subtropical	 Lake	












high	bioenergetic	 cost	 associated	with	an	extended	 spawning	 season	
(Neal	&	Noble,	2006).	While	this	hypothesis	is	consistent	with	findings	
from	 the	 tropical	 Lake	Naivasha	population,	 in	Lake	Chicamba	M. sal-
moides	were	short	lived	despite	having	a	short	(2-	month)	spawning	sea-






lishment	 success	 of	M. salmoides	 by	 assessing	 growth,	maturity	 and	






2  | MATERIAL AND METHODS
2.1 | Study site
Micropterus salmoides	were	 sampled	 from	 two	 temperate	 impound-
ments	 in	 the	Eastern	Cape	Province	of	South	Africa:	Wriggleswade	
(32°35′35″S;	 27°33′07″E,	 1,000	ha;	 723	m	 above	 mean	 sea	 level)	
and	Mankazana	(33°09′49″S;	26°57′09″E,	35	ha;	66	m	above	mean	
sea	level).	Wriggleswade	Impoundment	has	a	surface	area	of	1,000	ha,	
a	 catchment	 area	 of	 447	km2,	 and	 a	maximum	depth	 of	 30	m	with	
organic	matter	content	(total	dissolved	solids:	TDS)	ranging	from	55	
to	70	ppm.	Land	uses	in	the	catchment	include	agriculture,	livestock,	





temperatures	 at	Wriggleswade	 Impoundment	 ranged	 from	8.4°C	 in	
winter	to	24.7°C	in	summer,	with	an	annual	mean	of	17.0°C.
Mankazana	 is	a	small	rural	 impoundment	of	50	ha,	with	a	catch-
ment	 area	 of	 64	km2	 and	 a	 maximum	 depth	 of	 approximately	 4	m.	
This	small	 impoundment	has	a	high	organic	matter	content	 (TDS)	of	
between	220–270	ppm,	and	 is	 fed	by	a	small	 tributary	to	the	Great	
Fish	 River.	The	 catchment	 land	 use	 includes	 livestock	 grazing,	 rural	
homesteads	 and	 villages.	 Micropterus salmoides	 were	 stocked	 into	
Mankazana	 Impoundment	 in	 ca.	 2006	 (OLFW,	 unpublished	 data).	
Mankazana	 Impoundment	 was	 slightly	 warmer	 than	 Wriggleswade	










angling	 was	 ineffective.	 Gillnet	 fleets	 of	 six	 to	 10	 gillnets	 were	 set	
overnight	 (between	17.00–18.00	hr	 and	06.00–07.00	hr),	 parallel	 to	
the	shoreline	at	a	depth	of	approx.	3	m	to	ensure	that	all	mesh	sizes	
were	set	in	a	similar	depth.	The	1	m	seine	net	was	used	intermittently	
to	 supplement	 the	 other	 sampling	methods,	 and	 to	 sample	 juvenile	
M. salmoides.	All	 fish	were	killed	by	concussion	followed	by	destruc-






The	peak	 spawning	 season	was	 defined	 as	 the	months	where	 50%	
or	more	of	the	mature	M. salmoides	sampled	were	ripe	(Stage	4).	The	
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size	class.	The	length	at	50%	maturity	(Lm50)	was	then	estimated	by	
fitting	these	data	to	a	two-	parameter	logistic	model	of	the	form:	




where	 ̂Pi	 is	the	predicted	proportion	of	mature	fish	 in	 length	class	 i, 
ni	is	the	number	of	individuals	sampled	and	mi	is	the	number	of	these	
individuals	 that	are	mature.	Likelihood	ratio	 tests	were	used	to	 test	
the	null	hypothesis	that	Lm50	values	were	equal	between	sexes	and	














1975).	 The	 parameters	 were	 estimated	 by	minimising	 the	 negative	
log-	likelihood	function	using	:	






2.5 | Intra specific life history comparison
Available	age-	derived	 life	history	parameters	 for	M. salmoides	popu-




where	 measurements	 in	 centimetres	 FL	 (Munro	 &	 Pauly,	 1983)	
are	 used.	 This	 index	 accounts	 for	 the	 interaction	 and	 dependence	
of	 the	von	Bertalanffy	growth	parameters	L∞ and K	 and	allows	 for	
comparisons	 of	 growth	 performance	 across	 populations	 (Winker,	
Weyl,	Booth,	&	Ellender,	 2010).	All	 length	 estimates	 given	 in	 total	
length	 (TL,	mm)	and	standard	 length	 (SL,	mm)	were	 first	converted	
to	 fork	 length	 (FL,	 mm)	 by	 using	 the	 length–length	 relationships	
FL	=	0.955TL	−	1.526	 (current	 study)	 and	 TL	=	0.242	+	1.138SL	
(taken	 from	Lorenzoni	 et	al.,	 2002).	The	Φ′	 values	were	 then	plot-





from	Wriggleswade	 Impoundment,	while	287	M. salmoides	 between	
27	 and	 490	mm	 FL	 were	 sampled	 from	Mankazana	 Impoundment.	
Weight	 in	 grams	 at	 length	 (FL,	mm)	was	 best	 described	 by	 the	 re-
lationship	 Weight	 (g)	=	1E-	05FL	 (mm)3.033	 in	 Wriggleswade	 and	
Weight	 (g)	=	3E-	06FL	 (mm)3.296	 in	 Mankazana	 (R2	=	.989	 and	 .992,	
respectively).	 In	 Wriggleswade	 the	 sex	 ratio	 was	 1.13	 females:1	
male,	while	 in	Mankazana	the	sex	ratio	was	1.14	females:1	male;	 in	























































spawning	months	 (July	 to	October),	 63	were	 female,	 55	were	male	





χ2	=	0.44,	df	=	2,	p = .80),	therefore	data	were	pooled	and	total	Lm50 
values	estimated.	Length	at	maturity	 (Lm50)	was	reached	at	239	mm	





Of	 the	 578	 M. salmoides	 sampled	 from	 Wriggleswade,	 256	 were	
female,	209	were	male,	 and	113	were	 juveniles.	Of	 the	287	M. sal-
moides	 sampled	 from	Mankazana,	 100	were	 female,	 89	were	male,	
and	98	were	juveniles.	Fish	age	was	corrected	to	a	September	birth	
date	because	 this	month	 coincided	with	peak	 reproductive	 activity.	
Age	ranged	from	0	to	14+	years	in	Wriggleswade	and	0	to	5+	years	
in	Mankazana.	 The	 von	 Bertalanffy	 growth	models	 parameters	 are	
shown	in	Table	2	and	the	model	fitted	to	the	observed	length	at	age	
data	 for	M. salmoides	 populations	 in	 these	 two	 impoundments	 are	
shown	 in	Figure	2.	 In	Wriggleswade,	 female	growth	differed	signifi-
cantly	 from	male	 growth	 (maximum	 likelihood	 ratio	 test;	 χ2	=	94.4,	
df	=	3,	p = .00),	while	 in	Mankazana	there	were	no	significant	differ-
ences	between	sexes	(maximum	likelihood	ratio	test;	χ2	=	1.58,	df	=	3,	
p = .66).	Growth	also	differed	between	the	two	South	African	popu-




The	 growth	 performance	 for	 the	 M. salmoides	 populations	 of	
Wriggleswade	and	Mankazana	were	calculated	as	Φ′	of	2.77	and	2.99,	
respectively.	 These	 growth	 performances	 are	 similar	 to	 the	 growth	






2002),	 and	 Lake	 Chicamba	 (Weyl	 &	 Hecht,	 1999),	 and	 comparable	
to	 the	 Italian	and	South	Korean	populations	 (Lorenzoni	et	al.,	 2002;	
Marinelli,	 Scalici,	 &	 Gibertini,	 2007;	 Zhang,	 Oh,	 Lee,	 &	 Na,	 2013),	
while	fish	matured	at	younger	ages	in	Lake	Chicamba	(Weyl	&	Hecht,	






von Bertalanffy growth model
Juv. + Females Juv. + Males Combined
Wriggleswade L∞ 472	[447,	502] 364	[351,	374] 420	[403,	440]
Mankazana L∞ 598	[472,	1,078] 632	[458,	1,720] 739	[548,	1,712]
Wriggleswade K 0.27	[0.23,	0.32] 0.45	[0.42,	0.52] 0.33	[0.28,	0.38]
Mankazana K 0.28	[0.11,	0.47] 0.23	[0.06,	0.45] 0.18	[0.06,	0.31]
Wriggleswade t0 −0.29	[−0.55,	−0.06] 0.00	[−0.07,	0.17] −0.22	[−0.47,	0.00]
Mankazana t0 −0.52	[−0.94,	−0.26] −0.69	[−1.23,	−0.34] −0.84	[−1.29,	−0.53]
Wriggleswade n 311 278 579












South	African	 impoundment	of	Wriggleswade	 (14	years)	 than	 in	any	
other	 non-	native	 population,	 followed	 closely	 by	 the	 Zimbabwean	
population	 (9	years;	 Beamish	 et	al.,	 2005).	 High	 maximum	 lengths	
were	reached	in	the	southern	African	impoundments	of	Wriggleswade,	






The	 success	 of	 an	 introduced	 species	 is	 dependent	 on	 its	 life	 his-
tory	characteristics,	which	determine	 its	ability	 to	overcome	abiotic	
conditions	(Moyle	&	Light,	1996),	and	on	the	nature	of	the	receiving	










of	 fish	 biology	 often	 excelled	 in	 by	 non-	native	 invasive	 populations	
(Moyle,	 1986).	 Micropterus salmoides	 is	 no	 exception	 and	 repro-
duces	 successfully	 in	 a	wide	 range	 of	 non-	native	 habitats	 (Beamish	
et	al.,	2005;	Dadzie	&	Aloo,	1990;	Marinelli	et	al.,	2007;	Neal,	2003;	





season	 of	 up	 to	 4	months	 (Figure	1).	This	 defined	 spawning	 season	
differs	from	the	more	tropical	non-	native	populations,	which	have	ex-
tended	 spawning	 seasons	 of	 up	 to	 8	months	 due	 to	 sustained	 high	
temperatures	throughout	the	year	(Dadzie	&	Aloo,	1990;	Neal,	2003).	
However	 the	 high	 bioenergetic	 cost	 associated	with	 this	 extended	
spawning	season	(Neal	&	Noble,	2006)	can	reduce	longevity	and	re-
strict	the	maximum	length	reached	by	these	populations	(Table	3).	This	
is	 not	 the	 case	 in	 temperate	South	Africa,	 of	which	Wriggleswade’s	



































Region Structure tmax Lmax t0 K L∞ Φ′ Lm50 tm50
Wriggleswade	Fa Ot 14 595 −0.29 0.27 472 2.78 254 2.6
Wriggleswade	Ma Ot 14 445 0 0.45 364 2.78 236 1.6
Wriggleswade	C	( )a Ot 14 595 −0.22 0.33 420 2.77 239 2.3
Mankazana	Fa Ot 5 490 −0.52 0.28 598 3.00 238 1.3
Mankazana	Ma Ot 4 465 −0.69 0.23 632 2.96 248 1.5
Mankazana	C	( )a Ot 5 490 −0.84 0.18 739 2.99 232 1.3
Lake	Chicamba,	Mozambique	Fb Ot 5 — — — — — 290 0.9
Lake	Chicamba,	Mozambique	Mb Ot 5 — — — — — 305 0.9
Lake	Chicamba,	Mozambique	C	(●)b Ot 5 540 −0.01 1.17 466 3.40 — —
Lucchetti	Reservoir,	Puerto	Rico	( )c LFA 3+ 0.21 1.44 404 3.37 264 1
Primera	de	Palos’	Lake,	Spain	Md Sc 6+ 364 −1.04 0.19 549 2.76 — 1
Primera	de	Palos’	Lake,	Spain	F	( )d Sc 6+ 422 −1.05 0.18 559 2.75 — 2
Lake	Trasimeno,	Italy	M	( )e Sc 7 — 0.06 0.42 378 2.78 212 2
Lake	Trasimeno,	Italy	F	( )e Sc 9 — 0.02 0.33 449 2.82 288 3
Lake	Bracciano,	Italy	Ff Sc 3+ 328 — — — — 208 1+
Lake	Bracciano,	Italy	Mf Sc 3+ 328 — — — — 219 1+
Lake	Naivasha,	Kenya	Fg — — — — — — — 288–335 —
Lake	Naivasha,	Kenya	Mg — — — — — — — 240–287 —
Lake	Naivasha,	Kenya	( )h Sc	+	Ot 4+ 491 −0.01 0.46 508 3.07 — —
Lake	Naivasha,	Kenya	( )i Sc 5 527 0.61 531 3.23 — —
Lake	Manyame,	Zimbabwe	Fj Ot 9 599 0.66 548 3.30 — 1
Lake	Manyame,	Zimbabwe	Mj Ot 9 482 0.41 424 2.87 — 1
Lake	Manyame,	Zimbabwe	C	( )j Ot 9 599 0.55 442 3.03 — 1
A	lake	in	southern	Brazil	( )k Sc 3 447 0.09 0.99 421 3.24 — —
Lake	Shorenji,	Japan	( )l Ot 6 413 −0.07 0.50 372 2.84 — —
Lake	Nishinoko,	Japan	(♦)l Ot 7 469 −0.09 0.46 395 2.85 — —




















with	 temperature	 (Britton	et	al.,	2010)	or	 latitude	as	an	 indicator	of	




perate	populations	 in	Japan	 (Yodo	&	Kimura,	1996),	 Italy	 (Lorenzoni	
et	al.,	 2002),	 and	 Spain	 (Rodriguez-	Sánchez	 et	al.,	 2009).	 Although	
at	 the	 lower	end	of	 the	 tropical	and	sub-	tropical	non-	native	growth	













scales	 (Table	3).	Scales	are	considered	 imprecise	and	 tend	 to	under-
estimate	 the	 age	 of	M. salmoides	 older	 than	 5	years	 (Long	&	Fisher,	
2001;	Maceina	&	 Sammons,	 2006;	Maraldo	&	MacCrimmon,	 1979;	












of	 life-	history	 traits	 (Frimpong	&	Angermeier,	 2009)	 across	 its	 non-	
native	range	 (Table	3)	are	 in	accordance	with	the	natural	geographic	
and	climate	patterns	of	life	history	strategies	described	by	Mims	et	al.	
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